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ABSTRACT
A problem with the Omega System Is a lack of sulluble low-cost hardware for the small user eomrsunlly. A collection of do-l1-
yourself circuit modules are under development intended for use by educational Institutions, small boat owners, aviation enlhuslosls,
and others who have tome skills in fuhricating their own electronic equipment. Applicallom of ilia hardware to lima-frequency
slundar,s measurements, signal propagation monitoring, and navigation experiments are presented. Detailed circuit Information is
in prepo,atirn for publication in another Journal. A family of hilni-O systems have been corslructed varying from Ilia simplest RI
p,complificn and nurrowband filters front-ends, to sophlst'ociled microcomputer interface adopters.
INTRODUCTION
Do-it-younelf electronic systems have become increasingly popular ns evidenced by the loran circulation of popular-orlenled
electronic magazines like Popular Electronics, Rodlo-Electronics, Byte, The Audio Amulrur, as well us a hots of smaller ch,6-typn
newslellers devoted to balh the professional and amateur electronic circuit buff. Dozens of firm specialize in supplying hardwam
Items as low-cost for the kitchen table and basement workshop experimenter. Low budget educcdlonul hntilutions have made very
good use of these developments in providing themselves with sophisticated electronic r4p4pmenl which they olhr:rwise could not
afford.
MICROPROCESSOR TECHNOLOGY
The explosive growth of microcomputer systems during the post your or so Is well demonstrated by the circulation of new publi-
cations such as Byte (circulation > 50,000) devoted entirely to small computer systems or personal computing systems lxnsed on the
recently de voloped 0-bit microprocessors (central processing unit of a small computer which 1,undies dila bytes in an 11-bit, 2 6 formal),
It has been unhea led that Ions of thousands of personal computing systems have been fabricated in the post year due to the wide avndl-
abflity of fobrication kits, partially assembled circuit boards, and single chip devices of low cost. A minimal eompui:,ng system with
1000, B-Lit wards of permanently stored monitoring programs (ROM) and 1000 words of temporary memory (NAM) can cost as low as
$300 complete with keyboard, hexidaedmol data display, and even a cassette recorder for permanent storage of Inge blacks of
program software roulines. 111 For an additional 5200 or so, the user can supply himself with a sophisticated dolu input-output
device in the form of a TV Typewriter with a full alpha-n •imerie keyboard which displays English text or graphical material as
"pages" on on ordinary TV set. In the some price range a number of hard copy printers are now available which supply permanent
copy on ordinary odding machine tope.121
Microprocessors ran also be Interfaced wills a great variety of external instruments as input-output devices through this 	 of
standard digital-M-onolog or analog-to-digital conversion routines. Omega receiver systems are a prime candidate for these techniques
where some minimal front-end hardware is used to supply raw Omega doin in a formal suitable for software manipulation w 11h a micro-
computer system. In the simplest microprocessor-oriented Omega receivers the row dale is softwuro filleted to obtain line-of-posi lion(LOP) information for two or more selected Omega stations which are In turn recorded an a strip chad recorder through a D/A cun-
verter for use by the marina navigator.
The Mini-O system is eonfigurad to supply the basic front-end and timing systems necessary to operate a microprocessor or to
be used as an independent monitor receiver wills various forms of hardware signal processor,. Very complex systems may be fahricated
for a hardware cost of under $1000 when Ilia user supplies his own electronic circuit fubricatian and interface wiring skills.
tAINI-O BASICS
The Mini-O concept is an ('mean receiver configured In circuit board modules consisting of an antenna preamplifier, 131 front
end filter-limiter, zero crossing and amplitude comparators, and a minimal Omega sequence timer with internal or external clock
reference oscillator. Various other modules have been devised to hardware digital filler the row dulu and to supply information at
a suitable low do lerrupt rate for microprocessor use, Figure I. The first Mint-O receiver supplied Ida in a 4-hit formal for direct
receding on a strip churt recorder with simply averaging each station phase over a singlo time slat. 141 The mast recent Mind-O
receiver supplies Omego data in o 6-hit format for each time slat at a low, 40 Hz, date rote using thu digilnl equivalent of a
superheterodyne receiver method. The superhot uses thu Internal clock as o local oscillator to provide a low intermediate frotlueney(IF) at a low 40 Hz frequency to mach the digital IF filter characteristics to the analog narrow bond input fillers.
Progress in precision wristwatch technology provides low-cost means in the form of quartz tuning fork and mechanical bar
resonators to analog filter the raw Omesio signal. The bandwidth of the front-end Is in the range of 4 fiz to 14 Hz which provides
quite good rejection of noise and aff-chunnal Interfering carriers.
SIGNAL AMPLITUDE DATA
An example of the output signal amplitude envelope from a Mini-O front-end is shown In Figure 2. This type of recording made
on a Heathkil recorder with a 10 second per Inch chart drive speed, Is useful for monitoring signal amplitude variations of the Omega
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icarrier wave, An example of Ilia effect of local obsorpllal of signals while flying through fog or clouds Is shaven in Flour, 3, while
the ripple on Ilia peaks of ilia signol umplitude changes as this receiver onlenno moves In anti out of Ilan cloud foromllan • Anolhrr
example Is [lie effect on Omega signal amplitude of local swnut when Ilia praise discantfnnDies uro mail phmoxnmvd and Ile Ixsck-
ground noise o iptan to increase, as In figure 4. These Illustru0cril also shoe Ilan parfmmanca of two dificrent types of Irwil-roll
systems, a 30 lit bandwidth model with two sluges of ceretnlc filtering versus a 4 lit model wilh n single slm.le gnmlt timing fink
Hll or. f51 This lypa of omplItodo du to is of considerable vafua to Ilse cepofhnanIor in adatoIIng Trim nn Iho pt , tUImrlIIvs of Onu•gu
floral reception for a variety of receiver operating environments.In particular Ilia use of very uorrowbawl analul Rr usrlhads in Thu
Mini-O receiver allows inspection of signol amplitude data which Is often not passible In I lia raw output (ruin a conventional 100 if/
type of Omega front-end.
DIURNAL OMEGA DATA RECORDING
All Omega users are familiar with the diurnal changes in Ilia Omega LOP gild. An example with Ilia Mini-O taealvar d-bli
Lola for the G-D pair is shown its Figure S. This also illustrates Ilia reverse subtraction of D-G which gave essentially Thu same result
24 hours earlier only opposite In phase direction. Mother phenomena naiad in Figure 5 is 60 Ilz harmonic bunt nithu caused by ilia
1701h harmonic of 60 Ht power machinery in the local monlloring environment, This type of interference often plagues Craton usws
who attempt reception in their urban basement workshop with a short whip antenna stuck out ilia nllic window, Flguru 5 was made on
a Heolhklt recorder with a 200 min/inch chart drive. Note that the diserolu 4-bbl steps In Ilia loml possible phase vuriullon of 16
slaps for one cycle (one Iona) can be seen on these 24 hour data displays, Another example of Ilia savorily of local 60 lit Inlrrfetencn
is Illustrated in Figure 6, where the operation of beefing and oireondltioning equipment radiates 10.2 Kilt Illinois in regular cycles
which drift In and out of phase with respect to Omega.
D should be noted that boll, Figures5 and 6 were recorded where Iho effective bandwidth of ilia digital filleting was only about
2 Hz or where Ilia 40 Hz IF was sampled by dividing by 5 and then simplyuveroging only 5 temples of ilia retelling 0 Ili signol (i.e.,
5	 A 5 8 Hz per time slot with no additional truck ing loo fillarin	 Thus Ibis duta ee .icsonis vet row si ngle limn slot Ouse u^^ I	 P	 ,	 0 P	 U)•	 f	 Y	 7	 d
data with a very mh. tmum of processing, much less than used in most other Omega signal processors.
BICENTENNIAL DATA
Mother type of diurnal data display Is shown in Figure 7. This was mode on u Rusliak recorder with n chart speed of about 1/4
Inch per hour over the bicentennial weeliend of July 4, 1976. The recording Illustrates hour reproducible the diurnal changes are in
that Ilia previous day's scatter of data points ran be used to overlap Ilia current days data at the lone ciofsing points from about PI,00
to 2 400 hours local time.
PROPAGATION PHENOMENA
Another type of observation possible with simp)e monilor receivers is the recording of sudden ionospheric dislurlances, Figure 8
N an example where the C-D pair would normally be writing o slrolghl line over the period 1700 to 1800 been local time In late
March. However, a significant departure was noted on March 22 which was not observed at the same time of day on flinch 23 or 24.
This effect Is typically of duration less Iran a half hour and with o change of a fifth of a Imhe or so, of about 90 cenlieycles. Ilia
effect is observed hero even In the presence of strong periodic bursts of local ground based 60 Ili harmonic Intnferenco.
INTERNAL OR LOCAL CLOCK OFFSETS
The Mini-O taceiver system can be used to determine the hilemal receiver clock offset error or even any exlernul clock which
happens to have a binary crystal Frequency operating at 2 n Hz. The receiver has been devised to use low-cost quartz oscillate,, of
the typo used in digital clocks and watches. A Sfnc lair"Blackwa tch" operating a 2 15 Hz was modified to provide the oscillator
output through a suitable buffer which in turn con directly operate the Omegu receiver. Similarly u Westclox "OT-500" replacement
clock movement operating at 2 21 hlz has been used. A comparison of the local clock drift with respect to Ilse Oirivoo signals Is
Illustrated in Figure 9.
The time a single station signol lakes to make one lane change (one cycle) with respect to the clack can be o direct measure of
the clock offset error during periods when the Omega station phase is not changing very mp ldly. We Nava consistently been able. to
adjust Sinclair"Blackwatch" type of 215 Hz crystal oscilloiors to offsets to within I x 10- 7 for short periods with longer term offsets
on o weekly basis oT 2 x 10- 6 when operated in a room temperature environment. This Is more: than sufficient to oputnlu a simple
type of Omega receiver, These types of observations illustrate tike utility of Omega as a precision time-frequency calibration source
for the low budget institutional user. All that is needed is the Mini-O system and the right clock frequency of 2 n liz which Is a very
common one far present digital watch systems.
MULTIPLEXED LOP DISPLAYS
One method of reducing costs of a system for the marine user might involve the use of a single channel recorder which can record
two LOPS by iime-sharing or alternate-cycling of ilia recorded output. An example record is illustrated its Figure 10 where Ilia Minl-
O receiver first records for 90 seconds on C-D thenswitches for 90 seconds on C-G and repeals Ilia sequence indefinitory. Ilia C-G
record shows a lane change half-way through, with the C-D LOT' drawing o straight line in this example.
NAVIGATION EXPERIMENTS
Several flight tests of the first Minl-O 4-bit system were conducted. An example recording made In November 1975 during a
short flight Loan the Albany, Ohio Airport to the Henderson, West Virginia VOR and return is shown in Figure 11. Here the upper
-2-
? 	
PAGE I,5
OF POOR QUALITY,
truce is a sing to station pair B-C (11 was Tdnidud in Ihosa days) which chmily dews ono tuna chuogu. Ihn 4 )it I 10P recording wns not
blanked at,d used a simple RC fi Itar which shows this transient behavior of ad I a I lu I  subIracIlon eh..its used D/A In Ibb nx,impIa, II„-
helium trace is Ilia signal Ievul (earn Om 4 Ht norrowband fronl-end. Cuuunl hwy l0ation experimmnss situ undrrwny using on imprnvud
version or Ilia Mlni-O with a mieroeompulor Interface,f6)
SUMMARY
Examples of the tblo output from a single channel Omega receiver operalfng at 10.7 Kl Ir ore ptusentud. Ilia output can be used
by the, observer for ruriobs limu-frequency, propagation, and novittallon expedmenls, lists Mini-O rrruiver concept hen been devised
to help law budget users become familiar will, 111c, operational details unit prculiaHlies of Omega r:coi iris, Mepresrnl ennfi0,mlian
of Mini-O lsloirords an Interface for use with microcomputer systems which are becoming ines, t sirnlly uvullublu to almost any palenlial
user of Omega hardware. f71 A morn detailed account of Ilia actual circuit dulutls of Mini-O will upp,ur in it 	 paper now in
preparation.
ACKNOWLEDG EMENT
The Mlni-O receiver concept has been o periphaml development (spin-off) from results obtained under Ihr Tri-University Program
In Air Trensixortntion supported by NASA Langley Research Center, Grant NGR 36.009-017. AdMiunal built on Ihu proluci but burn
provided by Mr. Rich Softer, Mr. Lee Wright, and Mr. Ian Mayer. The encuuruoument and udvicu of Dr. Richard H. Mcrah lund unit
Dr. Robert W. Lllley Is greatly appreciated on these results.
REFERENCES
M KIM 1 Users Manual, publication of MOS Technology, Inc., Volley Forgn Industrial Park, Valley Forgo, Punmylvanla,
19481 (1976).
(21	 D. Lancaslur, "TV Typewriter Cookbook", 256 pages illustfuled, Howard V7. Sams Co., Inc., Indiar gpolls, Indiana (1976).
(3) Lea Wright, "Improvements for Omega P.F Pruamplifhers", TM 24 (NASA), Avionics Engineering Center, Ohio University,
Athens, Ohio, April 1976.
(41 R. W. Burhons, "The Mind-O, A Digital Superhat, or a Truly Low-Cost Omcgu Navigation Receiver", TM 20 (NASA,
NASA CR-144923) Avionics Engineering Center, Ohio University, Album, Ohio 45701, November 1915.
(51	 Lee Wright, "Flight Test of 4 He and 30 Ili Omega Receiver Front-End", TM 21 (NASA), Avionics Engineering Center,
Ohio University, Athens, Ohio 45701, February 1976.
(6)	 R. V7. Whey and R. J. Sailer, "A Microcomputer-Based Low-Cost Omega Navigation System", paper presented at
International Omega Association Symposium, Washington, D.C., July 1976.
(71 R. W. Lilley and R. J. Salter, "Simulation Analysis of a Mierocompuret-Based Low-Cast Omeou Navigation System",
TM 26 (NASA), Avionics Engineering Canter, Ohio University, Athens, Ohio 45701, May 1976; also presented as a
paper of the National Aerospace Symposium of the ION, Warminster, Pennsylvania, April 1976.
-3-
---- ----- -
Station
Select
L2 
HKT
I
I	 Scqo&nce
L Gun,•rotors
T.... Slot
cute
Dividers
4 n ll
F
Whip
/ Antenna
10.2 Kllz
Ld CC,. rolors
Preamplifier
FRONT-END
OMEGA
Zrro Crr^slnos
rnvciopc
VHI 
40Hz x 2
 Pnto Multiplier
	
8-Bit Counter
215
INTERFACE
To pp
Control	 2-8il-, Slolus
L t^)- ad5e,	 Lolcll
From pp	 Add,-Y-	
somplo	
6-10 Phose
2111
215 214
—y^OMEGA ^Fmlx
Mixer 	
44 	
Interrupt
i
—^Crossings	 4ko Hz Lacked OMEGA
Zcro	 40Hz Bp LL F lter	 4- To pp
(
	
Figural. Mini-05ystern -
'72
--ao
^ rf 
I
to	 t,^^ ' J I it! ^ '{ J' ;, ^ i
r-7—
4'LLWI
!-a-' B P D' G	 B0 1) G	 9GDf G	 9 CD Cr 	 BGD
RclatLva Sirmil Levalu x"10 bee.—)
57 h/11/760 m F,	 r 7
Figure 2. Signal Envelope at 10.200 I"Hz.
it
is
510nol Lovel 
~D liz Fron,-End 
Sionol Level 
4 II. Front-End 
. 
i,I , , , , , , ,"! i I :1 .~ 
'i !I 
, 
, 
, 
, \..! 
, I. :1 , , 
,I , 
" 
, 
'I' 
i 
: 
, 
I : 
i : 
i I 
i' '! , .. ! 
., 
, 
, 
.. 
Fiouru 3. Awplltudlt Ripplft In SiOf1ol wvelJ Cau~ed L)' Flyinu 
Through Cloud •• 
Fi!lur~4. Sunset DisturbtJnct:' on $ionol Amplitude, 10.2 KH::. 
r
{
`	 t	 t.	 I .I	 ^	 t	 rr	 ^	 I	 !	 f
	:i 	 I	 ,	 I	 1	 s	 I	 t
	
s	 't r	 s	 ir.(	 r	 L.	 tlLi I	 1 4.1	 iit.t;	 .s•..._	 '_^,-.	 -
--q((^^'lJ'^11^I'I l'll ll'^L^Ill^lrrii l l j l l^r
	 I I	 ^	 I	 I } 'l 1.	 Ir ^l^ll 	 I	 I ' 	(	 I. 1 	 	 ' C R	11 	
° 	 1	 ^11	 I!	 ' '	 sI	 I	 1	 II	 It	 li	 f
	
r {	 I	 r	 I'	 I	 i	 t	 '^	 '	 1	 I..
-..^ _ ^^ ( I I	 R. ^ '1	 ^' ^ I . I ' r r { ^ r :'^I ^.^ II I II ' ^I	 '^r^l('^"n.^^^^ .^rrlhl
	
^d	
,...
if 	 Iii ^Ilf ^'Ill^. (^I	 r	 I'1l	 t I 	 1 ?.I -,ryJ	 ! l i	 !'+	 s	 )vr .L; w <'	 I	 l	 •:!^_...-
	
I•III'	 I,	
.t	 r^	 ,	 Ill;-'E
	
sl I
	
II	 " I ^^1t	 ''	 ' r }.
	
'! I '.^	 ill . ^^	 ^	 -r
	I 	 I	 I	 I11(
„!	 rt	 'tt	 ,	 't r l	 Ii^	 1	 `	 r
	
"I0 1 ^  !	 I_I i i --	 '	 ^--:` , t	 -.:e1
	
•.I I	 1 1.a.^	 1	
;-ICI.	 -•.^	
..
' r 	 _•0.0 2unr IIIVCn14 _ __	 •2lsGU	 ti/1C/'( 0<'UO .•..	 o'SSO'c/9/76 
	
I R l	 4 i 1^	 ;Itl 
_ r
	
^i	 !^1 Lri^II Ir II	 I	 I t l nil°I j 'lllral l 	if t s s! ^ I ^R^1 )I If^ t rl^' I 	!	 _
	
Ih	 }. ai l	 I 1	 1 1 I	 )'ir ^j ^'4 ^,£	 I ; r	 s,r ti	 ! .-^ I ^	 aUsl^	 I	 ^^-^ .
1FFFI 
, ir	 3I'tL 1 4 1 t IF!	 {r
	
l	 1	
rl,,
	 . i I l l . 	 (11	 i	 II!cif { !..}	 r	 i. 	 'l	 I,l
	
.. 
^►
( ^ ^ ;
	 #^,c 3	 1^' \I.	 ^^1 Ir 1 
{ 1^	 I	 {	
I	
I
f	 hrL	 fill
	
r	 il	 r	 ; ,
	
f^	 I	 `	 t[
	 1^
•	 ^ '	 F `	 flal l^ t x411. it I	 t +f,i^'I^ I II ^fj	 I 'y l i 	 I	 iI R} 1{ I	 I j 	 't t (	 :^^	 '	 .+'	 ....
	
Ir	 I	 F	 ^	 ^	 'll	 ^	 '	 ^	 'r 1	 R - ir	 ^I^I^^^^^Ir.11^^^l^r trSllli ^^ ti4
	
i^	 ) 4 i.l^tl+l,.	 ^. !^	 11	 ^^I	 IR 1	 ^ 	 (^,	 'i^I	 FFF	 ;I^::f^,^t^	 .^'	 rll^	 21^Li^rl1 1	 I I	 ^'11^^1^	 I r:l	 t
'	 I	 0-â 211hr Piur •la s 	`_ 711W	 ' I	 _ I t 11 7510'00;_C5001t/10/76_.	 :
	
F1	 - / /
Figure 5. Minor Imago Patr Subtractions. Trinidad vrri 1, parwilt, rwved from 0 to G thermal for 1975. Tim
usual subttaetim for phase dif rarnnee wnuid bo G-D in using older Omega churls and tabl,s. Ifowuver,
the reverse subtraction D-G Civcs the some'resulr reversed in phase direction. Nola parlieul My the
•	 sunrise transition from C CO to 070 hours bolween Trinirod (0) and North DAnto (D).
i
.c	
..^._ .^...	 _. ..
—Ft
	
nAtIh1	 r	 r	 )	 `	 I	 t t	 ++I	 1	 I;	 I1' '	 I	 1	 pII,` ft ll rl 	 1	 I l	 is	 I s	 IR	 Ir	 1! "1	 I	 ( ^ 	 I	 l i	 I^	 ,L	 II	 i)((L' I	 i i !^l'I 1	 I	 f R 	 i c 3 14n l all (r t 1 ,.•	 i	 l I a^ (('	 i1!i!u	 l	 „r..	 u.rr t,m, L•,I
	!1i lhll 1 11 .t.r.Il'	 • ^ifl ' 1" :i  !	 /:1'f :•^./1x11.	 i. 	 ^! 'i:	 ' I t s! ll i'!:I.1!}714' .1! , (A'•	 L1'	 ft
I e l	 14 I; I l r l i r l	 fill :	 I	 r	 • I 	 t 1	 11111;	 r	 ,F	 II	 1!; 	 i l	 1	 I	 1r
	t 4 G j b ('rd ll^ i l l '	 ,	 I	 !`, . '^	 I f'^ I	 C{	 1 '_I' i 	 l	 l 	 (__^ ' 	 j^	 I	 ;
	
l^ a^^lltl
}girl:.;'rl	 ^ I .	 il' !	 (l	 If4tr^'	 I • I^Ip	 I	 l^	
s+t	 I	
I	
'^ '	 fi^I^	 ;i• I^!_	 i "1	 I	 010.	
!	 _^^^.	
! 1 1111U1	 __	 ` - _	 _r—
	s !
	 I I ^	 Fu?IWiC 69 z S••i: 	 -- 
	
l }. ' •	 r	 C-D IOP (G •teo,a - ` .r..11) r 	
r
	
1	
}	
l	
I	 t
	
._'_...^f22Gb ,
	
I r^-, Ii 
1
10 11	
1115176	 16AI
t	 °° I	t ^ I
	
II°	 'Tr	 I	 '	 I
I
Figure 6. Periodic Writs of 60 Hz harrorics rndloting From hi011 power SC.a.-711AC crnirob on Lei Iding I-.: o1ir.1 and air
conditioning system, often conlribute to the noise ebsurvrd in OMMA nonilaring sysh•ms. The
recording from the 4-64 MINI-O system at 10.2 Ktiz i Ilus:ra • .s this effect where the noisy rnoto • controls oar
operating at 15 to 20 minute iNervob.
	
p^tLGINL
	6
J nnn1s, 6}
r
^ fl 1	 l	 4	 1
^..	 r t	 t 64,.w.	 ,	 ..."	
...
July 2. 1976
i.
t
July 3, 1976
^..,	 '-..:	
-----,•fir	 .,---^..^=	 ,
r
,;3
Ju IY4! 1976
1 ..:^....7.- _
.11 J .._
1	 1
2'. V
	 i:iF	 I
t	 ^'^^ i`
	i•i°i`^cJ
..	
-^.a•"_	 ;.	 -	 —'.j ' •., :DTI. ^ -
July 5, 1976	 ^•_	
_;._ _	 .... ....
.	
...
..^.^ ,
.•.•	 1	 ..
_	 •4	 _,	 ../	 1	 , 1	 <	 l	 1	 .. i ^...i1-	
1	 t	 l 1 
_
Local Time
	
1200	 16CO	 2400 MO
Figure 7, 4-134 C-D Diumal CIIan Oe, 10,2 HHz.
-7-
v
I
l
6o Hz'
} 44}^I ti I^.
nl 
^liltl
hi
ORIGINAL PAGE IS	
s
OI POOR QUALITY
I	 ^
N .Cd _22, 157. ...
	
1GCA:..
11	 r 1 '!	 1'x:4,	 (^ ? r	 f1	 i	 I, 'r
	
7 17^IIs )	 rf^^f^t^:diY1J l^•'(7' fyi 	 •J+iri 'iifrf'^^'1 
^.TtJ L7f 11 I sI
I ^ 1	
. ' t (I171 '	 ^	 ^^	 ' •	 I'. i l	 .	 'f	 ,I • ?if _ . l
,
	
1700
	
8Id10n 23, 1976 I
	 lOCOI
	
uIV	
1
I ,JII
	
{l	 )ti	 11 1 !,I	 j	 41I:. ttl tti l . ^ 1^ ^^^	
Il, ^' 
u..au^lt^:.	 r'S'",^'sy. ^ I
^ ^, !ll r^  j0 jf t :. t • I rlt n
	
Ill	
^;'
' '!
f^	 ^	 ^` ^	 t	 ^ r	 , I ; 1 f	 ^.
I'1 tl. i	 PP il!., i	 ''if
,^
 p•
	 7	 !	 1	 zflr^	 ,	 !
I ^i ^	 ^ 1 [^rj1i 	 i	 r,^; I ^ 	 ..	 I	 ^. r r
	
1700'	 !L'4 0H 2 1s, 1576	 lum,
Figure 8.
	
	 Sudden lonosphnfic Disturhancc (C-D pair centeminoINI with 60 IIz).
The S.I.D. observed at 1700-1720 hoar EST on (.larch 22 was followed
on the late evening of March 74 6y c strong curorn bumalis display.
Note that the C-D diurnal trr=d for ; porch 23 and 24 was not disturhrd
around 17CO hours ane:•pt for p-.riadie local 60 Hz notes interference.
r_..	 _.
rargn 6000 mi.^ -'
	 s	 '
100	
"' modalale s(gnal	 I	 )
s
I	 r	
I	 I
0
D M. Dak01a, INew
^	 . ranyn 1200 mi.	 -
100
	
slror,p aignot	 j
r.
Ll^^I
'nII r	
I	
^
u
lr^G Trinidad, lkw
ran e^300Mmi.
	 U ^'^ •. ^.: ,.„;, ......I
'	 t
0
100	 weak si0nal
I	 ••,'^
fI
•
r-r-r-fir....
	
• ^.1'•t.T •
	^ ^-^_
.....^lJ'
	
^1i	 song& 6009 mi•'
100 L
	
mostly noise	 j
O&darot: 60 H- interference, 3/21/76, 3;00 -:;00 1'M LST) (Clock Offset 1.6 x 1077)
Figure 9. 4-01t Single. Sla0en Tracking Vs. Inlernai 7. 15 11: Clack.
-9_
O_tIGRZA11 PAGE IS
-„ P oR QUALITY
F;..
s
b
t
	
too	
IIt	 gI	
!	 ,
C-O LOa
^^1 1 ff44 II I ;'r t lil I^	 i^	 {	 .f	 ' t	 ^ I` 	 ^ ^	 t t j 1
C-PLOP ^^'J,i;,^;k	 ',I;^ii^;, iii	 )	 {^ .^^;	 , !.. J,^! f'i
	
0	 012j,11:13')	 1 1 1t
1	 •	 1	 ^	 (	 '1	 1I	 ^
I	 ^	 .f	 ^r	 is	 r	 .— 	 a_.
1120 m "n w-v	 C-G lone c, unite
(20 min/in. short speed, SO sue. MUX time, 5-7 AM F5(, 3120/76)
ri0ura ID. Multiplexed 4-Eir LOP P.esetdin0,
4 nlT
	
-D	
'^ l.^ I  	 E ^i.:	 j 	 l - I 4 I tA tri ! ^^^1 ll^-^ J} ^+
It-C LOP
It
t,i^	 ^. t ^^	 i i l'.^!i'
	 !	 ;•	 i^,	 '?i,^'Illi	 ;1:
	
ii	 I	 't	 J	 +	 f ^i	 k	 !•	 (
^„ , nl { i	 I Iw7r.+:.';^u^^^^J.^r4..^.' ♦1y1,1,'lyly;i^:.n.^.:tr.?J ,.•.••1:.:^L..:^,!i..r
SIGNAL	 0
LEVELS
r10L0A r-
Floure 11 . Lcne Chanou cod Sl Onel Amplitude with 4-04 Mint-O DurinO Test Fli5ht.
-10-
ORIGINAD PAGB IS
„rNnR QUALYfY
